Introduction: The prevalence of drug resistance in clinical isolates of Mycobacterium tuberculosis from the Gulf Cooperation Council (GCC; Saudi Arabia, Qatar, Bahrain, Kuwait, Oman, United Arab Emirates [UAE]) countries was appraised using reports published between January 2002 and March 2013. Methodology: A total of 11,393 tuberculosis (TB) isolates from the GCC were studied through published literature and were analyzed statistically. Results: Most of the isolates were resistant to isoniazid, followed by streptomycin, rifampin, ethambutol, and pyrazinamide. The highest prevalence rate of multidrug-resistant-TB (MDR-TB) was found in UAE (9.2%), followed by Kuwait (5.9%) and Saudi Arabia (4.3%). The overall MDR-TB prevalence rate was recorded as 4.0% in the entire GCC region. Automated linear modeling revealed that isoniazid resistance had a strong relationship with the prevalence of MDR-TB in all the GCC countries and was found to be the strongest predictor for MDR-TB. Interestingly, rifampicin resistance was significantly associated with the prevalence of MDR-TB in Oman, Kuwait, and Saudi Arabia, while isoniazid was identified for UAE. On the basis of a number of reports and isolates, the principal component analysis showed that, among all GCC member countries, the highest burden of TB was in Saudi Arabia and Kuwait, and maximum drug resistance was present in UAE. Conclusion: The study demonstrates that the prevalence of MDR-TB in GCC countries is almost equal to other developing and developed countries, and requires immediate attention for surveillance and control.
Introduction
Tuberculosis (TB) remains a major health problem and causes ill health among millions of people each year. Globally, TB is second leading cause of death from HIV/AIDS. According to the World Health Organization (WHO), the latest estimate suggests that almost 9 million new TB cases and 1.4 million TB deaths were recorded in 2011 [1, 2] . TB can usually be treated with a course of four standard, or first-line, anti-TB drugs: isoniazid (INH), rifampicin (RMP), pyrazinamide (PZA), and ethambutol (EMB). If these drugs are misused, multidrug-resistant TB (MDR-TB) can develop [1] . MDR-TB is one of the most dangerous forms of TB; it is defined as tuberculosis that is resistant to at least isoniazid and rifampicin, the two most powerful first-line anti-TB treatment drugs [3] . MDR-TB takes longer to treat with second-line drugs (SLDs), which are more expensive and have more side effects. MDR-TB develops in otherwise treatable TB when the course of antibiotics is interrupted and the levels of drug in the body are insufficient to kill 100% of the bacteria. Extensively drug-resistant TB (XDR-TB) is a rare type of MDR-TB that is resistant to any fluoroquinolone and at least one of three injectable SLDs in addition to isoniazid and rifampin. XDR-TB can develop when second-line drugs are also misused or mismanaged and therefore also become ineffective. The WHO estimated nearly 270,000 prevalence cases and about 67,500 deaths in the year 2011 due to MDR-TB [1] . The proportion of MDR-TB patients who successfully completed treatment varied from 44% (Eastern Mediterranean region) to 58% (South-East Asia region). Overall treatment success was 48%, whereas 28% of cases were reported as lost to follow-up or had no information regarding their outcomes [1] . Al-Hajoj et al. (2013) reported that among a subset of 200 XDR-TB patients in 14 countries, the overall treatment success was 33%, and 26% of cases resulted in death, which indicated poor treatment success rate against drug resistance [1, 4] . Similarly, in the year 2010, 3 .4% of all newly diagnosed and 19.8% of all previously treated TB cases were evidenced to have MDR-TB [5] .
The Gulf Cooperation Council (GCC) is a political, scientific, business, and economic union of the Arab states bordering the Persian Gulf and located on or near the Arabian Peninsula. Presently, six Middle Eastern countries (Bahrain, Kuwait, Oman, Qatar, Saudi Arabia, and United Arab Emirates) are the member states of GCC, and few more are trying to become a part of the GCC [6] [7] [8] . In all GCC countries, the real burden of drug-resistant TB is not known, as these countries (with the exception of Saudi Arabia) have never conducted a representative national-level survey to estimate the prevalence and patterns of anti-TB drugresistance [4] .
Based on modeling work, WHO estimated that 1.2% (range 0.7%-1.6%) and 9.0% (range 5.6%-12.4%) of new and previously treated cases, respectively, had MDR-TB [9] . A few small-scale studies were conducted in Saudi Arabia and reported that proportions of resistance to any first-line drugs were in the range of 14% to 20%, and for MDR-TB were in the range of 1% to 44% [4, 10] . These findings must be treated with full caution, as these studies were not representative of the entire country, and most were retrospective analyses of laboratory results collected from hospitals, medical colleges, and primary healthcare centers. The compositions of the populations of all GCC countries are unique for two reasons: nearly one-third of their population are immigrant workers, and in Saudi Arabia, nearly 10 million foreigners visit the country every year for Islamic rituals (i.e., Hajj and Umrah) [10] . It has already been established that the epidemiology of TB infection is clearly influenced by immigration and mass gatherings [4, 10] . Few review articles studying the prevalence rates of drug-resistant TB were published from Saudi Arabia. No authentic report is available in the English language about the prevalence of drug-resistant TB in other GCC countries. Thus, a systematic review covering a 12-year period starting from January 2002 to March 2013 of published reports and peer-reviewed articles relating to prevalence and MDR-TB in six current GCC member countries was conducted. In addition to tracking the prevalence of TB and the occurrence of multidrug-resistant strains, the present study aimed to evaluate the status of TB infection, the extent of drug-resistant-TB, and the identification of possible predictors for the detection of MDR-TB in the current GCC countries. This would be helpful for the development of novel control and management strategies that can be used to combat the menace of drug-resistant M. tuberculosis.
Methodology

Identification, eligibility, and inclusion of relevant studies
A selective literature review was conducted using the PubMed (Medline), EMBASE, and Google Scholar web databases. The search was limited to the English language. Important key words and phrases used for the search were: tuberculosis; drug-resistant tuberculosis; prevalence of tuberculosis; antituberculosis drug-resistance; names of commonly used drugs to treat TB (i.e., isoniazid, rifampicin, pyrazinamide, ethambutol, streptomycin); names of the GCC countries, cities, provinces, or states (i.e., Saudi Arabia, Qatar, Bahrain, Kuwait, Doha, Oman, UAE, Dubai, Sharjah, Ajman, Muscat, Abu Dhabi, Jeddah, Makkah, and Riyadh); Gulf countries; Middle Eastern countries; and a few more combinations of country names. Articles published in last twelve years (1st January 2002 to 31st March 2013) were included in this study.
Inclusion and exclusion criteria
In order to reduce heterogeneity and ease the appropriate interpretation and understanding of the current study, articles incorporated in this study were directly relevant to the selected topic based on epidemiological, clinical, and policy standpoints. Studies focusing exclusively on drug discovery, drug chemistry, drug toxicology, or diagnostic comparison were excluded, except for those that identified drug resistance or appraised differences between population groups to describe variances in the prevalence of TB drug-resistance. Inclusion of reports was further stratified and limited to only those conducted in last 12 years. Individual case reports and general reviews were also excluded. Appropriate reference articles were also included in the summary. A total of 28 articles were finally included in the summary ( Figure  1 ).
Data extraction and quality assessment
Each selected study was evaluated using the present study's aim: to estimate the distribution of drug-resistant TB in GCC member states. The retrieved studies were examined by the research theme, which included abstract, literature review, research methodology, major outcomes, the study setting, and the country where the study was performed. Important objectives and outcomes were identified for each study. For articles in which themes were explicitly reported, they were noted precisely. However, for articles were no theme was presented, implicit and reasonable themes were generated based on the overall findings of the study. During the article selection process, seven studies were explicitly excluded, as all included GCC countries' data along with some other undesired information; one report presented aggregate data from other countries in addition to the other GCC countries, making it impractical to separate data for individual countries, and other studies were excluded because of their nonhospital base, method validation, or diagnostic nature.
Statistical analysis
Statistical data analysis was performed using the statistical program SPSS (version 21.0), and descriptive statistics were utilized to express the findings. Generated data was processed and the weighted mean was estimated by the estimated marginal mean function of SPSS. Outcomes and data were expressed as numbers (n) and percentages (%). Drug resistance data for all the GCC member states were converted into percentages and analyzed statistically by analysis of variance (ANOVA) using SPSS, and the treatment means were separated according to one-way ANOVA using Duncan's multiple-range test (DMRT) function. For all variables taken into account, probabilities of less than 0.05 were considered to be statistically significant. An automated linear modeling analysis, using forward stepwise with adjusted R2 selection (standard model) was employed to predict the relationships and to evaluate the effect of each individual drug's resistance on MDR-TB. Linear modeling was performed to select the most effective model that could explain the correlation and effect between the independent and the dependent variables. To determine the grouping pattern of the GCC countries based on the drug resistance for individual country, principal component analysis (PCA) was performed using an average of total drug-resistance data along with individual GCC country. All variables (i.e. total number of isolates, total retrieved reports, and data for the mean rate [%] for each [mono] drugresistance) were selected and PCA was done using the XLSTAT program (XLSTAT, version 2013).
Results
Characteristics of the published studies
A total of 1,033 English-language articles were retrieved through a selective literature search from the PubMed (Medline), EMBASE, and Google Scholar web databases. All retrieved articles were inspected by reading the titles, abstracts, and full texts of the potentially relevant publications. In addition to the database search, the references listed in the retrieved publications were also screened for other potential studies ( Figure 1 ). Only hospital-based and confirmed TB cases were included in this study. Studies based on diagnostic tests or studies that did not clarify the actual number of cases or isolates were excluded straightaway. To avoid repeatability of the data, review articles on prevalence and anti-tuberculosis were also excluded. Studies based on the prevalence of tuberculosis and drug-resistant TB conducted in GCC countries only were considered for this study. Following the above criteria, out of 1,033 articles, only 108 were found to be unique. However, when the search was restricted to articles published between January 2002 and March 2013, only 58 unique articles remained. A comprehensive review of the titles and abstracts of the retrieved articles left 35 articles that examined the prevalence of tuberculosis and drug-resistant TB in GCC countries. Based upon careful screening and by strictly following the inclusion and exclusion criteria, only 28 original published articles were found to be eligible and finally included in the analysis for the current study. The study selection showed that most of the studies were published from Saudi Arabia (n = 9), followed by Kuwait (n = 8) and UAE (n = 5). Only three studies each were published from Oman and Qatar, and surprisingly, no published studies were available from Bahrain. Table 1 shows the selection summary of reports included in this study.
Prevalence of TB drug resistance
Between January 2002 and March 2013, there were 28 articles published addressing TB prevalence and drug-resistant TB in the GCC member states. However, out of these 28 articles, only 5 addressed the prevalence of tuberculosis. Out of these 5 studies, 3 were conducted in Qatar, 1 study was published from Saudi Arabia, and 1 from Oman. Results showed that the highest number of studies were reported from Saudi Arabia (9 out of 28; 33.3%), followed by Kuwait (8 out of 28; 29.6%) and UAE (5 out of 28; 18.6%). No report published from Bahrain according to the preset selection criteria was retrieved; even a simple search performed through Google failed to retrieve a single report. All 28 unique articles were analyzed critically, as they contained national-level data. Among all the GCC member states, a total of 11,393 TB isolates were analyzed, while 8,564 isolates were studied for TB drug resistance. The isolates and their respective drug resistance(s) were distributed in different GCC member states as listed in Tables 1 and  2 . Data gathered on drug resistance of M. tuberculosis from all GCC states demonstrated marked variations depending on the country's geographical location, immigration rate, and social culture. The highest MDR-TB prevalence rate was noted for UAE (9.2%), followed by Kuwait (5.9%) and Saudi Arabia (4.3%), whereas a low prevalence rate was observed in Oman (1%) ( Table 2 ). The maximum numbers of TB drugresistant isolates were reported from Saudi Arabia (n = 222), followed by Kuwait (n = 183) and UAE (n = 41) ( Table 2 ). Overall MDR-TB prevalence was estimated for all the GCC states; it was found to be 4.0% of the total TB infection.
High levels of TB drug resistance were reported from UAE; their drug resistance patterns are shown in Table 2 . Resistance to pyrazinamide was only reported from UAE. Following the UAE, resistance to isoniazid and rifampicin was reported from Kuwait (13.1%, 9.9%, respectively) and Saudi Arabia (9.3%, 4.9%, respectively) among all the GCC countries. The greatest resistance against ethambutol was recorded for the isolates reported from UAE (16.1%), followed by Kuwait (5%) and Saudi Arabia (4.2%) ( Table 2 ). It was noted that the overall prevalence of TB drug resistance in all the GCC member countries was highest to the first-line TB drugs. The order of drug resistance in GCC was isoniazid, streptomycin, rifampicin, ethambutol, and pyrazinamide ( Table 2 ). The mean values of drug resistance were derived and compared, and significant differences for each country in terms of prevalence were demonstrated statistically. Since there were no authentic reports on TB drug resistance in the last 12 years from Qatar and Bahrain, the precise rate of TB drug resistance in these two GCC countries could not be predicted.
Multivariate analysis
Automated linear modeling (ALM) was performed to evaluate the relationship and effect of each individual drug's resistance on the prevalence of MDR-TB. ALM was done using a standard model to explain the relationships between MDR and prominent drug. Standard models are easier to interpret and can be faster to score than boosted, bagged, or large dataset ensembles. Due to the low number of rows (i.e., published reports from each country), it was not possible to employ linear modeling analysis. Hence, an alternative and logical statistical analysis tool was used to evaluate the association. The model contained the most important predictor (drug) for possible causes of MDR-TB. All models were statistically significant (p < 0.05), and showed 40% to 70% accuracy. As presented in Figure 2A , only one significant (p = 0.000) predictor (i.e., rifampicin) was identified for MDR-TB in Oman. Interestingly, rifampicin was found to be a less significant (p = 0.043) MDR-TB predictor for Kuwait and highly significant (p = 0.001) for Saudi Arabia (Figures 2B, 2D) . Isoniazid was found to be the strongest predictor (most significant, p = 0.000) for MDR-TB in UAE ( Figure 2C ). Hence, it can be assumed that TB isolates from UAE, which were resistant to isoniazid, will have more chances of conversion into MDR-TB or already have MDR-TB. Analysis of all the GCC countries showed two main predictors for prevalence of MDR-TB -isoniazid and rifampicin ( Figure 2E ). The isoniazid drug resistance (p = 0.013) was found to be the strongest predictor for MDR-TB in all the GCC countries. Modeling analysis indicated that those TB isolates which were found resistant to isoniazid would have a 63.6% higher chance of conversion into MDR-TB, could already have MDR-TB, or would be identified as MDR-TB. Rifampicin resistance was predicted as a 36.4% contributing factor for MDR-TB for all the GCC countries ( Figure 2) .
The PCA study grouped the GCC countries based on the TB prevalence and TB drug resistance, and indicated a clear relationship between drug resistance and respective GCC country (Figure 3) . The first two factorial axes represented 97.48% variance of the data included in the present study. Factor F1 represented the grouping of the TB prevalence and number of publications; factor F2 represented the grouping based on drug resistance and included strong predictors of MDR -ethmbutol followed by isoniazid ( Figure 3A) . However, those predictors that did not contribute to the model were placed in the middle of both the factors and showed no correlation. The countries placed at the strong positive side of factor F1 showed high prevalence of drug resistance and included UAE followed by Kuwait and Saudi Arabia ( Figure 3B ). On the other hand, those countries that were placed at the more positive axis of factor F2 indicated high prevalence of TB and included Kuwait and Saudi Arabia. Three GCC countries (Oman, Qatar, Bahrain) were found to be on the negative side of both factors (F1 and F2) and had lower prevalence of TB and drug resistance. Due to lack of a sufficient number of isolates or reports from Bahrain and Qatar, a significant conclusion could not be reached. 
Discussion
To cope with the increased menace of MDR-TB, the WHO updated its guidelines in 2011 for the programmatic management of drug-resistant TB. After reviewing and analyzing the data, we found that most of the reports related to the prevalence of MDR-TB in the GCC countries were from Saudi Arabia, Kuwait, and UAE (Table 1) . Only two pertinent reports were found from Oman, while none from Qatar and Bahrain were found. Even a further Google search showed no such reports in English outside of the PubMed, EMBASE, and Google Scholar web databases. It was strange that many strong reports existed, yet none were published in the English language or in the peerreviewed scientific literature indexed in PubMed and ISI journals, which might pose a question regarding the authenticity of the published data; we thus limited our study selection to the standard scientific English language. No studies provided incidence rates or annual trends or patterns of TB drug resistance from all or from important regions of the nation. The current findings clearly identify the major challenges, which include the gathering of reliable data, periodical follow-up regarding the prevalence of MDR-TB, and the emergence of newer organisms. Based upon these findings, we can suggest that, to tackle this global health threat, drug-resistant TB management requires a well-funded infectious disease surveillance system staffed with well-trained professionals in all GCC member states [10] .
In the present study, isoniazid was found to be the strongest predictor for the identification of MDR-TB in all the GCC countries ( Figure 2 ). This finding is in congruence with the rapid detection of MDR-TB through a probe for the katG gene available in some countries, which serves as a useful marker for MDR-TB because rifampicin resistance is rare (except when patients have a history of being treated with isoniazid/rifampicin alone). In the present study, for each GCC country, this predictor was found to be different; rifampicin resistance was observed to be a significant predictor for the identification of MDR-TB in Oman, Kuwait, and Saudi Arabia. Possibly, isoniazid and rifampicin are potent drugs for the treatment of tuberculosis and are implicated in patient management until microbiological proof that they are ineffective (though isoniazid resistance commonly occurs with rifampicin resistance) [11, 12] . Hence, it is obvious that rifampicin should be considered as an MDR-TB predictor for these GCC counties, as most of the MDR-TB isolates were found to be positive for rifampicin resistance. However, isoniazid resistance was found to be the strongest MDR-TB predictor for UAE, as revealed by the significant correlation. This could be possible because most of the rifampicinresistant TB strains from UAE were found to be negative for MDR-TB. Hence, the reliability of this marker is quite high, as the highest number of isoniazid-resistant isolates were also found to be MDR-TB positive. However, due to the insufficient number of TB isolates and reports from UAE, precise conclusions could not be drawn. PCA analysis clearly showed that Saudi Arabia and Kuwait were grouped together because of a higher number of relevant published reports and prevalence of TB drug resistance. Interestingly, UAE had the highest prevalence of TB drug resistance. Low numbers of reports and of TB drug resistance were found for Oman, Qatar, and Bahrain; these countries were ultimately grouped together ( Figure 3) .
In order to protect the inhabitants of the Gulf countries and to ensure the medical status of expatriates for fit and free condition from infectious diseases, the Executive Board of the Health Ministers of GCC states created the GCC Approved Medical Centers Association (GAMCA) as the only medical services accredited to test and recommend migrant employees' work placements in the Gulf region [13] . To protect infected immigrants, GAMCA enforces screening for TB (chest radiograph) for all expatriates entering the region, and visas are granted only to individuals with no prior history of TB. In support, Ahamad et al. reported about automatic deportation for anyone suffering from pulmonary TB [14] . Keeping the TB burden in view, a comprehensive disease surveillance system for communicable diseases has been implemented in Oman [15] . Among all Gulf countries, Saudi Arabia is highly populated, yet there is a low number of reports from this country in comparison to the prevalence of drug resistance and MDR-TB [1] . Despite the alarming burden of TB/MDR-TB, only eight reports have been published from Kuwait, which demonstrates a complete lack of governmental policies towards management of TB drug resistance, scientific research, and a well-funded disease surveillance system equipped with trained healthcare professionals. For Saudi Arabia, WHO estimated that 1.4%-2.4% of new TB cases and nearly 10.8% of previously treated TB cases were MDR-TB [1] . Data retrieved from published studies of Saudi Arabia demonstrated that the pattern of resistance and prevalence rate of MDR-TB in last 10 years was 4.3% of the total infected population (Table 2) ; however, earlier studies reported ~5.5% MDR-TB before 2000 [16] and 4% more recently [4] . There exists a strong proof-based opinion that the present status of MDR-TB in Saudi Arabia is a result of historic clones of tubercle bacilli undergoing active circulation, and also of the huge migration of people from TB-endemic countries. Obligatory medical checking of millions of people visiting the country for religious purposes (Hajj and Umrah) is perhaps not a practically feasible idea [10, 17] . This is a type of condition where models of herd immunity might be implemented and index case findings be aggressively followed. Such medical check-up needs may be considered as a key project for an MDR-TB control program and may be performed outside the country (at patients' homes) prior to their embarking upon the journey.
Weak and poor prognosis of MDR-TB in all the GCC members is partly due to insufficient laboratory support. Many laboratories under the National TB Control Program of Saudi Arabia lack the basic needs for bacteriological diagnostics of TB [18, 19] . The practicability, viability, and cost-effectiveness of treatment of MDR-TB patients have been established in resource-limited settings [12, 20, 21] ; Limitations that remain include the length of time required for some tests, the associated toxicity of presently recommended treatment regimens, and non-adherence leading to incomplete or failed treatment, all of which seriously obstruct the prognosis of increasing number of MDR-TB patients, especially in Saudi Arabia and Kuwait. The current findings indicate that recent developments in TB prevention and control in most of the GCC member states are idle except in Saudi Arabia and Kuwait. Keeping the current control and management situation of drug-resistant TB in the GCC region in view, it has been suggested that the treatment of MDR-TB should strictly adhere to WHO standards. The regulatory agencies of these GCC countries should require more thorough evaluation of potential combination regimens of new anti-TB drugs. New anti-TB or anti-MDR-TB drugs should be non-toxic, safe, efficacious, and properly tested in in vivo conditions [22] . Due to the limited availability of reports on MDR-TB from the GCC countries, we failed to conclusively determine the precise conversion rate of tuberculosis into MDR-TB. Also, due to the lack of a sufficient number of reports from GCC region against SLDs, we were unable to estimate the prevalence of XDR-TB in the Arabian Peninsular region ( Table 2 ). The magnitude of this infectious disease is quite high in all the GCC countries as per the WHO data [1, 9] , which needs to be addressed in future studies for the substantial evaluation of the MDR-TB prevalence and control.
Conclusions
On the basis of the current findings, we can conclude that the prevalence of TB drug resistance in GCC member states is almost equivalent to other developing or developed countries. Isoniazid resistance was found to be the strongest predictor for the identification of MDR-TB in all the GCC countries. However, rifampicin was identified as a strongest predictor for the identification of MDR-TB in Oman, Kuwait, and Saudi Arabia. Due to fewer available isolates and reports, MDR-TB predictors for the remaining GCC countries could not be drawn. To improve the prevention and control of tuberculosis transmission and to decrease the rate of drug resistance in all the GCC states, possible measures include: enhanced antibiotic stewardship and decreased use of anti-TB drugs for non-TB conditions; standardization of practices and methods in the screening, diagnosis, and treatment of different forms of tuberculosis; and the employment of centralized reporting and accurate data collection. Heavy capital investment, creation of equipped laboratories, and procurement of well-trained staff is needed to implement the advanced technologies of testing of drug-resistant TB in all the GCC countries.
